Certain metabolic changes caused by bacterial growth in fresh meat which lead to spoilage have not been elucidated. In particular, there are conflicting reports concerning the role of muscle proteins in the spoilage process. According to Jay (12) , low-temperature spoilage occurs in the absence of significant proteolysis. Several species of bacteria produced no alterations in the myofibrillar proteins of pork as determined by density gradient centrifugation, gel filtration, and electrophoresis (21) . Metabolism of low-molecular-weight nonprotein molecules by spoilage microorganisms has been reported (14, 18) . A number of strains of Pseudomonas fragi capable of producing strong off-odors in fish muscle were shown by Castell and Greenough (7) to be nonproteolytic. These authors noted, however, that this might be the result of the method by which the cultures were selected and that proteolytic strains could have been missed.
Although spoilage may normally be initiated by the utilization of low-molecular-weight compounds, there is evidence that proteolysis occurs with some bacteria. Protein breakdown in fishmuscle juice was observed (18) after spoilage by Pseudomonas species had become evident. Hydrolysis of sarcoplasmic proteins was reported by Hasegawa et al. (9, 10) . These workers reported that two species of bacteria commonly associated with meat spoilage, P. fragi and Leuconostoc mesenteroides, had the highest proteolytic activity (10) . Also, Borton et al. (4, 5) found that P.
fragi caused an increase in the water soluble and nonprotein nitrogen content of pig muscle and a decrease in both the salt-soluble and insoluble protein content. The myofibrillar fraction of beef spoiled by a mixed flora was found to contain two new antigenic species (20) .
A number of workers (2, 6, 13) have observed that Pseudomonas organisms constitute the predominant group contributing to the spoilage of fresh meat. Thus, the present investigation was undertaken to determine the extent and nature of proteolytic activity by P. fragi.
MATERIALS AND METHODS
Sampling procedures, inoculation, and bacterial counts. A pure culture of P. fragi (ATCC 4973) was used in this experiment. Aseptic sample preparation, inoculation, and bacterial counts were the same as those reported by Hasegawa et al. (10) .
Extraction of proteins. The procedure for extracting sarcoplasmic and myofibrillar protein was based on that of Helander (11) None of the extracts of aseptic meat showed any increase in the ability to hydrolyze casein during l0000-the 10-day period of the experiment. The low level of proteolysis in the aseptic samples may be due to the residual activity of the muscle cathepsins at the neutral pH of the assay medium.
Results using hemoglobin as a substrate are -5,000 shown in Fig. 4 . Immediately after spoilage, there was a very large increase in proteolytic activity. Prior to spoilage, the inoculated meat extract showed a small increase in the ability to hydrolyze _ XI Results suggest that the proteolytic enzyme(s) are extracellular because the method used to extract the proteolytic activity involved mild treatments, insufficient to disrupt bacterial cells. Liberation of extracellular proteolytic enzyme(s) by P.Jragi was previously reported (16) . However, from the present data, it was not possible to decide whether the enzymes were secreted by living cells or released by autolysis of dead cells. Evidence to indicate that the living cell secreted the enzyme(s) has been obtained (T. R. Dutson, Ph.D. Thesis, Michigan State Univ., East Lansing, Mich., 1971). Electron micrographs have shown myosin breakdown to occur at a distance from the bacterial cells, whereas the cells themselves formed and released globules into the medium. The globules may have contained the proteolytic enzyme(s). However, further work is necessary to establish the method by which the enzymes are released into the medium.
